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METHOD FOR PRODUCING A PART USING
A DEPOSITION TECHNIQUE

This application is a continuation patent applications of
U.S. patent application Ser. No. 10/381,546, filed on Aug. 7,
2003, now U.S. Pat. No. 8,741,194 B1, issued on Jun. 3,2014.
This application claims the benefit of priority of U.S. patent
application Ser. No. 10/381,546 and PCT International Patent
Application PCT/DE00/03324 filed on Sep. 25, 2000.

This invention relates to a method for producing a part in
layers using a deposition technique to build a layered com-
posite containing the part made of a particulate matter. The
part produced is either a casting mould or core. The method is
also suitable for manufacturing a metal part from a particulate
metallic material, such as a metal powder or a granular syn-
thetic material.

A conventional method for producing patterns and/or cores
for metal casting utilizes a mixture of sand with a hardening
binder filled in a box. A positive pattern for making the metal
casting is embedded in the sand-binder mixture prior to its
curing and is then removed again. This leaves an impression
in the sand-binder mixture, which represents a negative pat-
tern of the casting. The pattern of the sand-binder mixture is
cured such that an adequately resistant mould of the negative
pattern is produced.

Another alternative approach for manufacturing castings
utilizes either a mixture of sand and binder also called Cron-
ing sand, which is a particulate matter made of moulding
sand, such as quarts or zircon sand, pre-coated with a syn-
thetic resin.

The bonding of the particulate matter is achieved by smelt-
ing the dry binder with applied heat. The attendant energy
required for making the casting cores or moulds is thus not
insignificant. Besides, the method requires use of relatively
complex machines.

Cold curing techniques, such as the Cold Box method, are
advantageous, in terms of energy savings for pattern fabrica-
tion. Here, the binder is cored chemically. This is done either
with the addition of a cold-curing dual-component binder into
the moulding sand, which remains workable for a limited
time period before it hardens, or the pattern from the sand-
binder mixture is alternatively flooded with a curing gas that
cures the binder. The latter is referred to as a gas curing
technique.

Conventional pattern making methods as described above
then finish the positive pattern in an NC milling machine or
NC lathe, which is especially time-consuming and expensive
with increasing complexity of the desired metal part.

With a layered deposition technique, also called rapid pro-
totyping in which the pattern making material is deposited in
layers, it is possible to produce the castings, moulds, or other
parts faster and more cost-effectively.

A known method for building a part in layers is described
in U.S. Pat. No. 5,182,170 (Marcus et al). In this method, a
layer of a binder-containing powder is deposited on a base.
This layer is then subjected to a reactive gas atmosphere,
which activates the binder. In this activating atmosphere, a
predefined subarea of the layer is heated locally. The reactive
gas and the added heat interact with the binder, initiating a
localized chemical reaction of the binder leading to consoli-
dation of the layer in the particular location. A laser, for
example, could be the heat source. The powder deposition
and subsequent activation and consolidation are carried out
layer-by-layer until the part is finished.

Another layer deposition technique is known from the
patents U.S. Pat. No. 5,204,055 and EP-0 431 924 B1 (Sachs
etal). In this method, a layer of a particulate building material
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(e.g. ceramic or metal) is deposited. Through selective appli-
cation of a self-curing binder in a predefined subarea of each
layer, the building layer is bonded in the selected area and also
bonded to the previously formed layer, before the next layer is
deposited. This process is repeated in layers to produce a
layered composite, in which the part to be made is contained
within particulate matter is loose, since it has not been wetted
with a binder. The binder can be applied as droplets through
a printing technology device known as a Drop-On-Demand
dispensing head, such as an inkjet print head, which is guided
in a controlled manner by a predetermined program. The
predefined subarea of each layer is consolidated at least par-
tially, through application of heat radiation or by a chemical
reaction of the binder, prior to deposition of the subsequent
layer. Following building of the layered composite, post-
treatment with applied heat can be conducted to fully con-
solidate all subareas forming the part.

A problem with the EP-0 431 92 4 B1 (Sachs) method
relates to the binder’s self-curing property, which can affect
the cohesion between successive layers. Additionally, the
binder in the Drop-On-Demand print head tends to cure and
block the print head, making frequent cleaning of the print
head necessary.

A rapid prototyping method described in DE 19853834.0
(H6chsmann et al.) involves depositing a layer of a particulate
matter, the entire surface of which is then covered with a
binder. Prior to depositing the next layer, a curing agent is
applied to selected subareas of the layer treated with a binder,
whereby the binder hardens in those selected subareas. The
curing agent is, for instance, applied with a Drop-On-De-
mand print head. The curing agent does not harden without
the binder, and thereby the print head nozzles do not get
blocked with a hardening material. A layered composite com-
prised of many layers is accordingly built layer-by-layer.

Another rapid prototyping method is described in DE 197
23 892.0 (Hochsmann et al.), in which a layer of a packable
particulate building material is first deposited on particles
pre-coated with a curable binder. The building material could,
for example, be Croning sand. A treatment agent is applied to
selected subareas of each layer, which modifies the curing
reactivity of the binder within the binder coating. Before
deposition of the subsequent layer, energy with a given level
of specific energy is then applied to this layer. This energy
level is selected to match the modified curing reactivity of the
binder achieved with the treatment agent, such that the binder
cures in only the locations treated with the treatment agent.
Each layer is accordingly cured before the next layer is added.

This invention fulfils the requirement to provide a rapid
prototyping method for manufacturing parts, in particular
casting moulds and cores, which is cost-effective and com-
bines high manufacturing speed with fabrication precision.

According to the invention, in the method for producing a
part in layers using a deposition technique by building a
layered composite containing the part made of particulate
matter comprised of particles of a prescribed particle size, the
particulate matter is deposited layer-by-layer to form, succes-
sive layers of a porous bulk, and in at least one predefined
subarea of each layer, which subarea could vary from layer to
layer, and prior to deposition of the subsequent layer a treat-
ment agent in a free-flowing state is apportioned on each
layer. The treatment fluid sets up a bonding process, in which
the particles in the predefined subareas bond firmly to one
another, through the binder contained either in the particulate
matter or deposited thereon, in the presence of an initiator.

According to the invention, however, the layered compos-
ite is built in the absence of an initiator. This initiator is added
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only after the layered composite has been completed, such
that the bonding process is executed only after completion of
the layered composite.

For the known methods described above, appropriate
actions are necessary to always ensure that each predefined
subarea of each layer is consolidated at least partially through
bonding of the binder immediately following deposition of a
layer and prior to deposition of the next layer. During the
course of the invention, however, it was surprisingly discov-
ered that even partial consolidation of the predefined subarea
may not be required, if an effort is made to prevent the
free-flowing treatment agent from flowing and spreading out
beyond or at least not far beyond the boundaries of the pre-
defined subarea into the surrounding untreated particulate
matter. This can be achieved especially through appropriate
limitation of the treatment agent dosage by matching it to the
volume of the predefined subarea as determined from its
surface area, layer thickness, and particle size, and therewith
the porosity of the particulate matter and its wettability
depending on the flow characteristics of the treatment agent.

According to the invention, bonding of the particulate mat-
ter particles in the predefined subareas is also achieved with a
binder. In the primary embodiment of the method, it could be
the binder itself that functions as the treatment agent, in the
form of a free-flowing powder or a liquid, apportioned over
the predefined subareas.

In another embodiment of the method, the binder can be
applied on the deposited layer before or after application of
the treatment agent over the full surface, or the binder can be
mixed with the particulate matter prior to its deposition, or at
least the majority of the particulate matter particles are pre-
coated with the binder. In this embodiment of the method, the
treatment agent is selected such that it modifies the key bind-
ing property of the binder from a specific initial value or
initial range of values, as determined prior to application of
the treatment agent, to a markedly different value or range of
values. Hereafter, this key specific property of the binder will
be designated in terms of its reactivity. In this second embodi-
ment of the method, the reaction effectiveness of the initiator
is adjusted and set according to the modified reactivity of the
binder, such that the unmodified binder reacts selectively and
bonds either to the areas outside of the predefined subareas
treated with the treatment agent, or to the predefined subareas
in which the binder is modified through its contact with the
treatment agent. The treatment agent could thus be a liquid
like hydrochloric acid or such that soaks into the dry binder or
alters its composition and thereby makes it more amenable for
bonding through application of energy or a chemical reaction,
compared with the untreated binder. For example, the smelt-
ing point or range could be lowered by a given amount with an
appropriately selected treatment agent, such that when the
temperature of the subsequently applied initiator lies between
the smelting points of an unmodified and a modified binder,
selective smelting of the modified binder can be induced.
Another possibility is that the treatment agent is a chemical
catalyst or an inhibitor, with which the modified binder’s
chemical reactivity for chemical bonding or a curing reaction
with a chemical gas or fluid, depending on its concentration
and temperature, is increased or reduced by the given amount.

In this second embodiment of the method, it is preferred to
use a particulate matter pre-coated with the binder, such as
Croning sand. This sand contains a minimal quantity of a
binder enveloping each particle, making it essentially neces-
sary to apply the treatment agent only in a quantity adequate
to attain appropriate wetting of the sheathing at the reciprocal
contact points of the particles.
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The initiator could be an immaterial medium like energy in
the form of heat or radiation. The initiator could also be a
material medium like a liquid or gaseous heat transfer agent
or chemical reaction agent. The binder is preferably cured
chemically calling for the use of a heating or a chemical
curing agent that leads to linkage of the binder. The initiator
could also be an energy medium and a material liquid at the
same time.

It is preferred to apply the treatment agent on to the par-
ticulate matter, deposited as a porous bulk with a particle size
dependent porosity, such that the predetermined minimum
porosity is maintained in the predefined subareas, which can
then be exploited to finally flood the layered composite with
a liquid or gaseous initiator. Such flooding of the layered
composite could possibly be promoted and aided by evacu-
ating the layered composite in an enclosed container prior to
the flooding.

The method according to the invention has several advan-
tages:

A bonding process and especially hardening of the binder
can lead to shrinkage. If thermal bonding or hardening is
implemented separately for each layer, stresses will be gen-
erated in the layered composite, which could lead to distor-
tion or damage of the part. Since according to the invention,
the bonding takes place at the end and not separately for each
layer, if volumetric shrinkage occurs, the entire composite
will shrink and become smaller overall, without generating
any stresses. Any shrinkage can be compensated for through
inclusion of an appropriate shrinkage mass when specifying
the size of the relevant subarea for apportioned application of
the treatment agent.

Since the bonding or curing is done after producing the
whole layered composite and not after depositing each layer,
no bonding step is required per layer and the fabrication time
for each layer is accordingly reduced. Bonding of the layered
composite requires just one single step at the end of the
process, which also enhances the manufacturing speed.

Additional time is also saved, since there is no need to wait
until each layer is bonded or particularly hardened.

Additionally, the final bonding of the layered composite
can be executed at a location, other than where the layered
composite is built, which thereby necessitates waiting only
for building of the next layered composite rather than waiting
for the former one to harden. Accordingly, the layered com-
posite is built preferably in a container to hold the layered
composite together without allowing it to fall apart both dur-
ing building and after it is finished, and also for transporting
it to the bonding location. During the bonding process, the
layered composite could thus remain in the same container in
which it was built.

Another advantage of this method is that the deposition
devices for applying the binder and/or treatment agent cannot
become blocked by curing agents.

Another advantage of the method according to the inven-
tion lies therein that the building material outside of the
predefined subareas can remain untreated, thereby allowing it
to be reused easily after being removed from the bonded part.
Besides, when the building material is used in an uncoated
form, cleaning of the deposition devices utilized for the
method becomes easy. Moreover, the method is more cost-
effective, since the binder is deposited only on the spots
where the part is subsequently formed.

The preferred building materials for a method to produce
casting moulds and cores and for a deposition technique are
typical sands such as quartz, silicate, chromite, olivine, or
zircon sand. Any other appropriately packable particulate
material, or a mixture of different sands can also be used.
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For the above-described second embodiment of the
method, itis preferred to use pretreated sand, such as Croning
sand precoated with a binder.

Untreated materials have the advantage that they are more
cost-effective than materials pre-treated with a binder.

The prescribed particle sire, which is the size of the sand
grains in the case of sand, lies preferably in the particle size
range from 90 to 200 um, and therein preferably in the range
of' 110 to 160 um. It is also possible to use smaller or larger
particles. Air movements, however, easily affect very small
particles, thereby hampering homogeneous deposition of the
particles. Small particles additionally reduce the porosity and
impact the gas blast when pouring. On the contrary, extra
large particles result in undesirable surficial graininess of the
finished part. Typically, the median particle diameter or aver-
age particle size is approximately 140 pm. Normally not all
particles are of the same size, but instead exhibit a certain sire
distribution. The preferred quartz sand has an average grain or
particle size of 140 um, with approximately 5% of the grains
ranging from 180to 200 pm in size, 59% from 125 to 180 um,
30% lying between 90 and 125 pm, and 1% of the grains being
smaller than 63 um. This type of quartz sand, as a building
material, is typically deposited at a bulk density of 1.32 t/m®.

The thickness of each layer of particulate material can vary.
Thinner layers enable the part to be produced with a higher
resolution of its design details. With very thin layers, how-
ever, reducing the layer thickness further does not result in
any increase in the resolution, since process fluctuations limit
the achievable resolution. Conversely, extremely thin layers
result in lower fabrication speeds, since many layering steps
become necessary. Thicker layers raise the achievable manu-
facturing speed, but all layer thicknesses are also not feasible.
Very thick layers make it difficult to apply the treatment agent
uniformly on the particulate matter, such that these work steps
take longer and either the fabrication speed does not improve
markedly with a greater layer thickness, or it may even drop.
Besides, the application of thick layers results in poorer reso-
Iution of the part’s design details. The preferred layer thick-
ness is in the range of 0.15 to 0.30 mm, making it possible to
notonly attain a relatively high manufacturing speed, but also
adequate cohesion between the successive layers and an
appropriate resolution of the part’s details.

The layer thickness can be varied during manufacturing of
the part. Hence, to raise the fabrication speed thicker layers
can be selected for areas of the part with fewer design details.
In areas of the part with complicated and finer design details,
the layer thickness can be lowered to enhance both the reso-
Iution and manufacturing precision.

The treatment agent is apportioned on to the previously
deposited building material layer, such that the building mate-
rial is just wetted, without any inhomogeneous distribution
and local accumulation of the treatment agent, which would
lower the performance of the part built according to this
method.

The treatment agent and binder are applied in an amount
such that the particle layer has a residual porosity, whereby
the curing agent can penetrate into the part through these
remaining pores during the subsequent curing stage.

The prescribed binder dosage is preferably selected to
maintain a binder to building material weight ratio of less than
6%, and therein preferably between 2 and 3%. The amount of
binder applied relative to the building material can vary from
layer to layer.

It is preferred to select a similar weight ratio between the
treatment agent and the building material.

If the part is a casting mould or core, the residual porosity
of'the bonded part that remains after hardening has the added

40

45

55

65

6

effect that the gases formed under a subsequent casting pro-
cess can escape. In such a situation, the binder and/or treat-
ment agent are preferably apportioned such that, on the one
hand, the pattern used to produce a casting out of a molten
mass withstands the pressure of the molten mass, as long as it
is not set, and on the other hand, at the point where the molten
mass is partially solidified such that the casting is essentially
stable, the binder and/or treatment agent should have almost
vaporized. Once the casting has solidified, the pattern can be
simply destroyed without any significant effort to remove it,
as in a lost pattern process.

The binder and/or treatment, agent could be applied in a
fluid state.

The liquid binder and/or treatment agent can, for example,
be applied on the particle layer as a spray. However, it is
preferred to apply the fluid binder and/or treatment agent as
liquid binder droplets with a prescribed droplet diameter. The
prescribed diameter of the binder and/or treatment agent
droplets lies preferably in the size range from 50 to 100 pm.
For droplets with a diameter of less than about 5 pm, anti-
gravitational fractional forces of the air cannot be neglected,
thereby making it difficult to dependably deposit the droplets
on to the building material. Conversely, large drops result in
inhomogeneous distribution of the liquid in the building
material layer.

In suchssituations, the binder and/or treatment agent should
be fluid enough to enable the prescribed dosage to be applied
on to the building material layer and such that they utilize the
capillary action in the particle interstices for spreading out
and wetting the particles. Accordingly, the viscosity of the
liquid binder and/or treatment agent is preferably in the range
of 1 to 25 mPas, when applied. Additionally, in order that
coloured patterns could also be produced, the binder could
contain a colouring agent, especially a pigment, or alterna-
tively it could impart a specific colour to the powdered mate-
rial. Use of several different coloured binders, each specifi-
cally apportioned like the colour mixing done in an inkjet
system, it becomes possible to make fully coloured patterns
or ones with colour schemes, for manufacturing applications
calling for interesting display patterns or quite realistic rep-
licas.

The operating temperature for implementing this method is
determined by the material properties, for instance the vis-
cosity and smelting point of the building material, binder, or
treatment agent used. The method is conducted preferably at
temperatures between 10 and 40° C. It is additionally pre-
ferred to use a binder and/or treatment agent that allow the
method to be conducted at room temperature, to minimize
unnecessary equipment complications. Hence, the viscosity
of the binder and/or treatment agent lies preferably in the
stated range of 1 to 25 mPas at a temperature of 20° C.

When applied, the binder and/or treatment agent could be
at the ambient temperature or alternatively slightly above
that, to reduce the viscosity for eased distribution of the
binder and/or treatment agent into the layer. The ambient
temperature refers to the temperature in the immediate vicin-
ity of the location where the part is produced, for example, the
atmospheric temperature in the close environs thereof.

Alternatively, to promote distribution of the binder and/or
treatment agent in the layer, the layer itself could be heated
each time prior to applying the binder and/or treatment agent.

Instead of as a fluid, the binder and/or treatment agent
could optionally be applied also as a fine powder with binder
and/or treatment agent particles of a prescribed size. As such,
the particle size of the binder and/or treatment agent should be
smaller than that of the building material, in order that the
binder and/or treatment agent particles can wet or envelop the
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building material particles. Copying machines, for example,
successfully deposit fine particulate materials with a toner on
to paper, just as sublimation printers apply coloured powders
on paper. In a copying machine, the toner is fixed through
heating, although the toner clings to the paper on being
applied even without being fixed.

The liquid or particulate binder and/or treatment agent, for
instance, could be applied with the known airless technique,
in which a pure binder and/or treatment agent are squeezed
under high pressure through a nozzle. Alternatively, the
binder and/or treatment agent could be applied with the air-
brushing technique, in which the binder and/or treatment
agent are fed to a tip, where a fast moving air stream flowing
by or alternatively a rotation technique sweeps it along. Alter-
natively, the treatment agent could be applied with an ultra-
sonic sprayer, in which a piezo-activated membrane gener-
ates droplets of the treatment agent, which can be targeted
precisely with an air stream on to the predefined subarea of
the building zone. With these techniques mentioned, the
binder and/or treatment agent can be apportioned very pre-
cisely. The binder and/or treatment agent could alternatively
be applied with a silkscreen printing technology or with a
technique to spray on the binder and/or treatment agent
through a mask. A particulate binder and/or treatment agent
could alternatively be sprinkled on.

A Drop-On-Demand print head, operated for example
through a bubble jet or a piezo technique, such as is known for
an inkjet print head, is preferred for applying the fluid or
particulate binder and/or treatment agent.

When applying a liquid binder and/or treatment agent, it is
preferred to use a Drop-On-Demand print head for applica-
tion at a droplet line density in the range of 300 to dpi.

The preferred material for the binder and/or treatment
agent to be applied is at least one from the material group that
includes sodium silicate, phenol resin, polyisocyanate, poly-
urethane, epoxy resin, furan resin, polyurethane polymer,
peroxide, polyphenol resin, or resol ester.

A gas, a liquid, or a liquid vapour could be applied as the
curing agent.

Once all the layers of the part to be produced are deposited
and the binder and/or treatment agent have been applied, the
liquid curing agent is flooded throughout the part. The curing
agent penetrates through the residual pores of the part that
remain after application of the binder and/or treatment agent.

In this way, the binder and the binder treated with the
treatment agent are cured.

The curing can be accelerated through heating of the fluid
and/or the complete part. If a heated vapour is applied when
using vapour curing, the heat of the vapour could promote
and/or accelerate the curing.

The preferred curing agent for application is at least a gas
from the group of gases that includes carbon dioxide, dim-
ethylethylamine, triethylamine, sulphur dioxide, methyl-
formiate, formaldehyde-dimethylacetate, or isocyanate.

The appropriate binder and/or treatment agent are accord-
ingly selected such that the resulting material combination is
one with which the binder can be cured.

The following table lists some of the known binder and
curing agent combinations, which can also be applied accord-
ing to the invention:
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TABLE 1

Method Binder Curing Agent
CO, Sodium silicate Carbon dioxide
Cold Box Polyure- Phenol resin and Dimethylethylamine
thane polyisocyanate or triethylamine
Cold Box Plus Polyurethane Dimethylethylamine
SO, Furan resin and per- Sulphur dioxide

oxide
FRC Polyurethane polymer Sulphur dioxide

and peroxide
Pep Set Polyphenol resin and Methylformiate

an acid

The Cold Box Plus technique is normally conducted at a
slightly elevated temperature of 65 to 70° C.

Nevertheless, other material combinations are feasible.
When using an isocyanate as the bindery steam can be applied
as the curing agent.

The method according to the invention is suited for pro-
ducing different types of parts, such as design or construction
models. It is preferred to apply the method to produce a
casting mould or core, therein preferably a mould.

The preferred embodiment of the invention will now be
explained in more detail with reference to the accompanying
drawings, in which:

FIG. 1a is a schematic sectional representation of a part
produced according to a preferred embodiment of the inven-
tion through the application of a binder and/or treatment
agent;

FIG. 15 illustrates the fully completed part of FIG. 14, and

FIG. 2 shows a device for implementing the method
according to the invention during operation of the dispensing
head.

FIG. 1a depicts a schematic sectional view of a part pro-
duced according to a preferred embodiment of the invention,
such as a casting mould or core, through deposition of the
binder, thereby illustrating the principle of the method.
According to the method for building the part, a series of n
layers are produced sequentially from s1 through sn. Accord-
ingly, the first step involves depositing the first building layer
s1 over the entire surface. In the next step, the binder and/or
treatment agent are applied on a selected subarea t1 (hatched)
of the first layer s1. These two steps are then repeated in
sequence for the remaining layers s2 through sn. The subareas
ti, tj for the different layers si, sj are generally different, but
they at least overlap each other partially such that they are
firmly bound to each other.

Once the binder and/or treatment agent have been applied
on the last layer, the entire part is flooded with the curing
agent and thereby hardened. As a helpful measure, the layered
composite can be evacuated prior to application of the curing
agent. Finally, the loose building material lying outside of the
areas t1 to tn is removed, resulting in the finished part shown
in FIG. 15.

To produce a pattern with the method according to the
invention, the building material is deposited as described
above. Conversely, the binder and/or treatment agent are
applied outside ofthe subareas ti, i=1 . . . nrespectively. These
areas outside ti are accordingly consolidated through final
curing. Once the part has hardened, the loose particulate
matter in the subareas ti, i=1 . . . nis re-moved, with the result
that the remaining part reflects a hollow space in the shape of
the body of FIG. 14.

A device for producing parts according to a preferred
embodiment of the invention is shown in FIG. 2. Such a
device is comprised of the following components;

A vertically movable building platform 1,
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A control mechanism,

A horizontally movable deposition device 2 steerable with
the control mechanism, with which a packable building
material can be deposited in layers on building platform
1 or on to a previous layer up to a prescribed layer
thickness, and a horizontally movable dispensing head 3
arranged on a slide 42, which is steerable with the con-
trol mechanism and with which a liquid or particulate
binder and/or treatment agent can be applied to a
selected area of the layer.

The building material deposition device 2 is arranged with

a long box 21, open above and below, designed for receiving
and depositing the building material on to building platform 1
and on to the last deposited layer. In the vicinity of the lower
open edge of box 21 facing building platform 1 is an outlet
device 22 with an opening that can be adjustably opened or
closed and which is arranged with coating blades. Deposition
device 2 is movable at a settable velocity perpendicularly to
the long direction of box 21, as depicted by axis y in FIG. 2,
from one end of building platform 2 and back.

Slide 42 with dispensing head 3 for applying the binder is
movable in a manner similar to the building material deposi-
tion device 2, Dispensing head 3 is movable perpendicularly,
as depicted by axis x in FIG. 2, to the movement direction of
slide 42, such that dispensing head 3 can be moved through-
out the entire level above building platform 1.

This method is implemented with the device according to a
preferred embodiment of the invention, as follows.

Deposition of building material layers:

On commencement of the procedure, deposition device 2
with box 21 filled with the building material, as shown in FI1G.
2, is positioned at the initial edge of building platform 1. The
outlet device 22 of box 21 is opened to deposit a strip of the
building material. At the same time deposition device 2 is
driven to the opposing edge of building platform 1 at a con-
stant velocity, such that all of building platform 1 is covered
with a uniform layer of the building material. Box 21 is
thereby moved over building platform 1 in such a manner as
to use its lower edge to smooth out the building material layer
already deposited. The vertical position of building platform
1 with respect to box 21 is set such that the building material
layer attains a predefined desired thickness, following
smoothing out of the layer by the blade located on the lower
edge of box 21. The velocity and/or the degree of opening of
the deposition device 22 is accordingly preferably selected
and set by the control mechanism such that precisely the
amount of building material necessary to obtain the pre-
defined layer thickness lands on building platform 1. As soon
as deposition device 2 reaches the opposing edge of building
platform 1, the material feeding process is interrupted.

Application of the binder and/or treatment agent:

Dispensing head 3, preferably a Drop-On-Demand dis-
pensing head known from inkjet printers, is moved along a
prescribed path over building platform 1, through movement
of'slide 42 relative to building platform 1 and through move-
ment of dispensing head 3 relative to slide 42. Simulta-
neously, dispensing head 3 ejects the binder and/or treatment
agent. This leads to creation of a pattern with the binder
and/or treatment agent in the building material layer, which
reflects the part’s cross-section through the layer level.

The first layer is now complete and a second layer is to be
deposited. Accordingly building platform 1 is moved a given
distance downwards from the deposition device 2. A second
layer of building material is then deposited and imparted a
pattern with the binder and/or treatment agent.

Additional layers are made in the same way until a layered
composite is fully built.
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The layered composite is finally cured, preferably analo-
gous to a conventional gas curing technique.

For example, following deposition of the last layer and
application of the binder on to this layer, the layered compos-
ite is removed from the deposition device. The building plat-
form can be removed along with the layered composite to
provide support thereto. The layered composite is then trans-
ferred, possibly with the building platform, to a processing
chamber. The processing chamber is then flooded with an
appropriate gas to cure the layered composite.

Alternatively, the device for producing a part is integrated
into a processing chamber, such that the layered composite
can be cured directly therein.

The layers of the layered composite exhibit sufficient
reciprocal cohesion, such that the uncured layered composite
can be removed from the deposition device without problems.

However, the device can also have a building box in which
the layers of the layered composite are produced such that the
building box is filled up with the layers. The building box
serves as a support means for the layered composite and
reduces the danger of damage to the uncured layered com-
posite, for instance during transport into a processing cham-
ber for curing.

What is claimed is:

1. A method for producing a part layer-by-layer comprising
the steps of:

i. depositing a first layer of particulate matter into a build-

ing box having a build platform;

ii. selectively applying a particulate binder to a predefined
subarea of the layer so that the layer has treated particu-
late matter in the predefined subarea and untreated par-
ticulate matter outside of the predefined subarea,
wherein the binder is a free-flowing powder;

iii. providing support to both the treated particulate matter
and the untreated particulate matter by the building box
so that partial consolidation of the treated particulate
matter is not required to prevent the treated particulate
matter from flowing beyond the predefined subarea of
the layer;

iv. repeating steps i. through iii. until the part is complete,
wherein the building platform provides support for the
layered composite and reduces the danger of damage to
the uncured layered composite;

v. binding the particulate matter in the predefined subareas
after step iv. is complete by heating the part so that the
part is bonded, wherein the binding of the particulate
matter particles in the predefined subareas is achieved
with the binder;

wherein the steps of depositing the layer of particulate
material and applying the particulate binder are done in
the absence of an initiator.

2. The method of claim 1, wherein the particulate material
includes sand; and wherein no bonding step is provided per
layer and bonding of the layers occurs only at the end of the
process.

3. The method of claim 1, wherein the particulate matter
outside of the predefined subarea remains untreated and is
removed from the bonded part.

4. A method for producing a part layer-by-layer, compris-
ing the steps of:

i. depositing a first layer of particulate matter into a build-

ing box having building platform;

ii. selectively applying a liquid binder to a predefined sub-
area of the layer so that the layer has treated particulate
matter in the predefined subarea and untreated particu-
late matter outside of the predefined subarea, wherein
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the binder is applied in the form of liquid drops accord-
ing to an inkjet or a drop-on-demand technique;

iii. providing support to both the treated particulate matter
and the untreated particulate matter by the building box
so that partial consolidation of the treated particulate
matter is not required to prevent the treated particulate
matter from flowing beyond the predefined subarea of
the layer;

iv. repeating steps i. through iii. until the part is complete;
wherein the building platform provides support for the
layered composite and reduces the danger of damage to
the uncured layered composite;

v. binding the particulate matter in the predefined subareas
after step iv. is complete by heating the part so that the
part is bonded, wherein binding of the particulate matter
particles in the predefined subareas is achieved with the
binder;

wherein the steps of depositing the layer of particulate
material and applying the liquid binder are done in the
absence of an initiator; and

wherein no bonding step is provided per layer and bonding
of'the plurality of layers employs just one step at the end
of the process.

5. The method of claim 4, wherein the liquid binder is

selectively applied using an inket print head.

6. The method of claim 5, wherein the material outside of
the predefined subarea remains untreated and is removed
from the bonded part.

7. A method for producing a part layer-by-layer, compris-
ing the steps of:

i. depositing a layer of material including a dry binder into

a building box having a building platform;

ii. applying a treatment agent to a predefined subarea of the
layer so that the treatment agent soaks into the dry binder
and makes the treated binder more amenable for bond-
ing through the application of heat compared with the
untreated dry binder outside of the predefined subarea;

iii. repeating steps i. through ii. until the part is complete;
wherein the building platform provides support for the
layered composite and reduces the danger of damage to
the uncured layered composite;

iv. curing the treated binder in the part after step iii. is
complete by heating the part so that the part is bonded;
and

wherein the steps of depositing the layer of particulate
material and applying the dry binder are done in the
absence of an initiator; and

wherein the binder is applied as a free-flowing powder; and

no bonding step is provided per layer and bonding of the
layers occurs only at the end of the process.

8. The method of claim 7, wherein the material including
the dry binder is a particulate material having a coating of the
binder.

9. The method of claim 7, wherein the material including
the dry binder is a Croning sand.

10. The method of claim 7, wherein the step of depositing
a layer of material including a dry binder includes depositing
a material including a metal powder.

11. The method of claim 7, wherein the method includes a
step of depositing a layer of particulate material prior to the
step of depositing a layer of material including a dry binder.

12. The method of claim 7, wherein the material outside of
the predefined subarea remains untreated and is removed
from the bonded part.
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13. The method of claim 7, wherein the treatment agent is
a liquid.

14. The method of claim 7, wherein the treatment agent
lowers the melting point or range of the binder.

15. The method of claim 7, wherein the step of curing
includes heating to a temperature between the melting tem-
perature of the untreated binder and the melting temperature
ofthetreated binder for selectively melting the treated binder.

16. The method of claim 7, wherein the treatment agent
increases the chemical reactivity of the binding material.

17. A method for producing a part layer-by-layer, compris-
ing the steps of:

i. depositing a first layer of particulate matter into a build-

ing box having building platform;

ii. applying a resinous binder to a predefined subarea of the
layer so that the layer has treated particulate matter in the
predefined subarea and untreated particulate matter out-
side of the predefined subarea;

iii. providing support to both the treated particulate matter
and the untreated particulate matter by the building box
so that partial consolidation of the treated particulate
matter is not required to prevent the treated particulate
matter from flowing beyond the predefined subarea of
the layer;

iv. repeating steps i. through ii. for depositing additional
layers over the previously deposited layer until a multi-
layered part is complete; and

v. curing the resinous binder in the part after step iv. is
complete by flooding or flowing a gas curing agent
through the part;

wherein the steps of depositing the layer of particulate
material and applying the resinous binder are done in the
absence of an initiator; and

wherein no bonding step is provided per layer and bonding
of the layers occurs only at the end of the process.

18. The method of claim 17, wherein the particulate matter
has a particle size range from 90 um to 200 pum; and the gas
curing agent is selected from carbon dioxide, dimethylethy-
lamine, triethylamine, sulphur dioxide, methylformiate,
formaldehyde-dimethylacetate, or isocyanate.

19. The method of claim 7, wherein

the step of depositing a layer of material including a dry
binder includes depositing a material including a metal
powder;

the method includes a step of depositing a layer of particu-
late material prior to the step of depositing a layer of
material including a dry binder; and

the material outside of the predefined subarea remains
untreated and is removed from the bonded part.

20. The method of claim 19, wherein the treatment agent is

a liquid; and

1) the treatment agent lowers the melting point or range of
the binder; or

ii) the treatment agent increases the chemical reactivity of
the binding material.

21. The method of claim 19, wherein the treatment agent is

a liquid;

the treatment agent lowers the melting point or range of the
binder; and the method includes heating the uncured
layered composite to a temperature between the melting
temperature of the untreated binder and the melting tem-
perature of the treated binder for selectively melting the
treated binder.
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